Background: In chronic kidney disease (CKD), accurate estimation of the glomerular filtration rate (GFR) is mandatory. Gold standard methods for its estimation are expensive and time-consuming. We compared creatinine-versus cystatin C-based equations to measure GFR, employing 99m Tc-DTPA scintigraphy as the gold standard. Methods: This was a prospective cross-sectional observational study including 300 subjects. CKD was defined according to K/DOQI guidelines, and patients were separated into groups: stage 1 (G1), n=26; stage 2 (G2), n=52; stage 3 (G3), n=90; stage 4 (G4), n=37; stage 5 (G5), n=60; and control group, n=35. Creatinine-based estimates were from 24-hour creatinine clearance using the Walser formula, Cockcroft-Gault, MDRD-4 and CKD-EPI; cystatin C equations used were Larsson, Larsson modified equation, Grubb and Hoek. Results: Age and body mass index were different among groups; proteinuria, hypertension, diabetes and primary glomerulopathies significantly increased as CKD worsened. In the global assessment, CKD-EPI and Hoek gave the highest correlations with 
IntroductIon
The assessment of kidney function is relevant and important in daily medical practice, and it is useful in knowing the health status of an individual, to interpret signs and symptoms, to choose the dose and kind of drug to administer, to prepare the patient for radiocontrast media and to detect, assess and monitor kidney disease. The glomerular filtration rate (GFR) is considered the best general index that reflects kidney function, both in health and in disease (1) . In turn, chronic kidney disease (CKD) is an important and growing public health problem worldwide. The correct estimation of GFR is critical for the correct assessment of CKD patients. The Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines, widely employed in clinical practice, stratify CKD into 5 stages according to the GFR estimated through the depuration of creatinine (2) . In those guidelines, GFR reductions are defined as slight where there is only kidney damage (stages 1 and 2; GFR >60 ml/min per 1.73 m ) are defined as CKD, independently of renal damage. To estimate GFR precisely, an ideal marker of filtration is required. An ideal marker of GFR is defined as an endogenous molecule that, produced at a constant rate, is freely disposed by the kidney only by glomerular filtration, without being either secreted or reabsorbed by tubular cells (3) . The gold standard for the estimation of GFR is based on the clearance of exogenous substances such as inulin, iohexol, 51 Cr-EDTA, During the last few decades, serum creatinine has been the most frequently employed marker to estimate GFR. Creatinine is completely filtered by the glomerular membrane and is not reabsorbed or metabolized by the kidney, although it is partially secreted by the proximal tubule. Tubular secretion raises creatinine clearance 10%-20%, reaching 50% in cases of advanced CKD (4) . Creatinine is usually determined by the Jaffé reaction, which is based in a complex formation between alkaline picrate and creatinine. According to this method, other different chromogens besides creatinine are normally present in serum and absent in urine. Thus, creatinine concentration is overestimated in serum and the clearance underestimated in approximately 10%-20% of cases. Other factors such as age, sex, race, body surface area (BSA), muscular mass and kind of diet (protein intake), also affect creatinine concentration. Creatinine clearance offers a better estimation of GFR than serum creatinine alone, but 24-hour urine collection is needed, which is cumbersome and not precise. The K/DOQI guidelines emphasize the necessity to assess GFR employing equations based on serum creatinine, and not to rely on serum creatinine concentration alone (2) . The most commonly used creatinine-based formulas include the Cockcroft-Gault equation, adjusted for age, weight and sex, which is focused on measuring creatinine depuration (5) . Another widely used formula is the Modification of Diet in Renal Disease (MDRD) Study equation and its variants, which focuses on estimating GFR (5) . Finally, the Chronic Kidney Disease Epidemiology (CKD-EPI) equation, published in 2009 appears to be more exact than the previous ones for estimating GFR (1) . All these equations have not been properly validated at the GFR at which they were employed, and because the creatinine methods are not standardized among clinical centers, this gives rise to differences in creatinine measurements, demographic and anthropometric data (2, 6) . Finally, the precision of these equations remains the subject of intense debate. Recently, cystatin C has been proposed as a new endogenous marker of GFR. This low-molecular-weight cysteineprotease inhibitor (13,300 Da) is produced at a constant rate by all of the nucleated cells of the human body (7). Cystatin C appears to protect connective tissue from intracellular enzymatic destruction, and exerts antibacterial and antiviral effects (8) . Cystatin C is freely filtered through the glomerular membrane and is reabsorbed and metabolized but not secreted by the proximal tubule (8) . As only minute amounts of cystatin C are normally excreted in the urine, its urinary depuration cannot be measured under normal conditions. Consequently, serum cystatin C concentration depends almost exclusively on GFR (7) . Serum cystatin C concentration appears to be independent of muscular mass, sex, age or nutritional status (7, 9) , although recent studies have questioned these findings (10, 11) . Serum cystatin C levels may not be altered by inflammation, fever or other agents (9) . Moreover, it appears to be a better marker of GFR in special clinical conditions such as hepatic cirrhosis, diabetes mellitus and in the elderly (12, 13) . Due to these properties, many have proposed cystatin C as a superior marker for GFR than creatinine (7). However, high glucocorticoid doses increase cystatin C plasmatic concentrations (14) . Besides, cystatin C levels fall in hypothyroidism and increase in hyperthyroid states (15) . In contrast to creatinine, cystatin C measurement presents no interference with other chromogens, with the exception of elevated titers of rheumatoid factor in vitro (16) . We assessed the estimation of GFR based on creatinine equations and compared them with cystatin C-based formulas, employing 99m Tc-DTPA renal scintigraphy as the gold standard. We stratified CKD patients into the 5 stages of CKD according to radioisotopic determination, and those without renal disease were included, following K/DOQI guidelines (1).
Methods

Study design
A prospective cross-sectional observational study was undertaken between October 2009 and September 2010 at the British Hospital of Buenos Aires, Argentina. Three hundred adult patients were included. : 00 ) 000-000 00 EPHROL
Regulatory aspects
The study was approved by the institutional review board of the hospital. Cystatin C kits were donated by Gentian Inc., Oslo, Norway. Local permission from the Ministry of Health and ANMAT-INAME were obtained (form 788/0509, May 13th 2009).
Population
Three hundred white adult outpatients between 18 and 80 years were included: 174 men (58%) and 126 women (42%). CKD and its stages were defined according to K/ DOQI guidelines (1): criteria number 1: renal damage >3 months, as established by structural or functional damage, with or without decrease in GFR, shown by histopathological anomalies and renal damage markers including those found in blood, urine or images; or criteria number 2: GFR <60 ml/min per 1.73 m 2 for >3 months, with or without renal damage. In turn, National Kidney Foundation K/DOQI guidelines divide CKD into 5 stages (1); we also included a control group, which was defined as subjects without hypertension, diabetes mellitus, thyroid disease, single kidney, cancer or previous episodes of renal disease, microhematuria or proteinuria, and with a normal renal sonogram.
Studies performed
The following studies were performed: fasting serum creatinine and cystatin C, 24-hour creatinine clearance, 24-hour proteinuria, 99m Tc-DTPA scintigraphy and renal sonogram. Blood sampling and radiorenograms were all completed at the British Hospital facilities by the same professionals. GFR was estimated by serum creatinine, 24-hour creatinine clearance and the following equations: CockcroftGault (17), , CKD-EPI (2), plus serum cystatin C, and Larsson (19), Larsson modified equation according to DuBois BSA (proposed by our group), Grubb (20) and Hoek (21) equations. Dynamic gammagraphy with 99m Tc-DTPA was used as the gold standard (22) . Creatinine was determined by the dry chemistry sarcosine oxidase method with traceable calibration to mass spectrometry isotopic dilution using a Vitros 5. (23) .
The correct urine collection was tested by Walser equation (24) . GFR was also estimated by the Cockcroft-Gault, MDRD-4 and CKD EPI formulas. Tc-DTPA gammagraphy was performed in all 300 subjects as the gold standard method to assess GFR and consequently stratify CKD (22) .
Statistical analysis
Results are expressed as means ± 2 standard deviations. Intergroup comparisons were analyzed with the chi-square (χ 2 ) test, 1-way ANOVA, and Mann-Whitney test for paired comparisons. Correlations between variables are expressed by Spearman coefficient. The degree of agreement between methods was analyzed by Kappa coefficient. Linear regression analysis was performed between 99m Tc-DT-PA (dependent variable) and other independent variables, and between CKD-EPI (dependent) versus Hoek. Results were considered significant if the p value was <0.05. BlandAltman plots were used to compare the different estimates of the GFR.
results
Global analysis
Subjects were included in the different groups based on GFR measured by 99m Tc-DTPA scintigraphy. The control group displayed a lower but nonsignificant GFR compared with stage 1 (81.53 ± 13.94 vs. 95.28 ± 15.80 ml/min) but significantly superior to stage 2 (70.05 ± 11.30 ml/min). As for age, it was different among groups, showing a significant progressive increase from stage 1 to 4 and a nonsignificant decrease with regard to stage 5. The control group presented a mean age between stages 2 and 3, albeit the difference was nonsignificant (Tab. I). Body mass index (BMI) showed a progressive, significant increase from stages 1 to 4, and a significant decrease in stage 5 to similar levels as stage 3. The control group showed the lowest BMI (Tab. I). With respect to the marker of renal damage employed, 24-hour proteinuria, it was statistically different and raised as CKD worsened, being <150 mg/day in the control group (0.049 ± 0.11 g/day) (Tab. I). Tc-DTPA and the equations that gave the best correlations (Figs. 4-7) .
dIscussIon
To our knowledge this is the first prospective study in which GFR was assessed comparing creatinine-and cystatin Cbased equations, employing 99m Tc-DTPA as the gold standard. With respect to the global population under consideration, which included a control group, age and BMI showed a trend toward increasing as CKD function worsened, displaying the peak of both variables at CKD stage 4 (Tab. I). JN ( 0000; : 00 ) 000-000 00 EPHROL Tc-DTPA than that of the group with stage 1 CKD (Tab. I). This could be due to the fact that controls were nonsignificantly older than CKD stage 1 patients (48.63 ± 12.74 vs. 42.89 ± 13.39 years, p=ns), and mean GFR physiologically corresponded to age (81.53 ± 13.94 ml/min, 95% CI, 73.3-89.8). This may explain why in the control group the best method that correlated with scintigraphy was 24-hour creatinine clearance evaluated by Walser equation, which requires a steady stage to be carried out. Moreover, tubular creatinine excretion may have been lower due to this being a population without evidence of renal disease. In CKD stage 1, the presence of proteinuria could also have contributed to a certain degree of hyperfiltration, increasing GFR with respect to the control group (Tab. I). In this global 300-patient initial evaluation, CKD-EPI and Hoek equations displayed the highest statistically significant correlations and the best linear regressions with respect to Tc-DTPA (Tab. III; Figs. 1-3) , as well as the highest significant kappa agreement constants (Tab. IV). Finally, the different creatinine-based equations showed a high and significant correlation among themselves; the same phenomenon was reported with cystatin C-based formulas (Tab. III). Additionally, as GFR approaches 60 ml/min or lower, both serum creatinine and cystatin C concentrations, and their respective derived equations, converge to a better correlation among themselves, reaching a total significant correlation at CKD stage 5, meaning any equation would be valid to employ (Tab. IV). In CKD stages 3 and 4, the CKD-EPI and Hoek equations were the ones to best correlate with 99m Tc-DTPA.
However, in the healthy population and in the initial stages of CKD, only creatinine-based equations significantly correlated with 99m Tc-DTPA. In the control group, only with daily endogenous creatinine clearance adjusted for age and weight and estimated by the Walser formula, could a certain correlation with 99m Tc-DTPA be obtained (Tab. V). With respect to creatinine equations to estimate GFR, the most classically employed are the Cockcroft-Gault since 1976 and the MDRD-4 since 1999 (17, 18) . This may be due to an easy access to the variables employed in such equations. However, those variables present many limitations with respect to their accuracy and the stage of GFR in which they are used. This reality may also explain why creatininebased equations are still being developed, employing newer mathematical models. Recently published (in 2009), the CKD-EPI equation to study GFR is based on the National Health and Nutrition Examination Survey (NHANES), measuring creatinine with Jaffé kinetic model and employing a database grouped in 10 studies (2). The development of this equation is the answer to the criticism that exists with respect to the stratification system of CKD, which is based on MDRD-4 results. The authors, extrapolating another 16 studies, validated CKD-EPI and recommend using it instead of MDRD-4 (2). The necessity for a new equation is mainly due to the lack of precision in estimating GFR at levels >60 ml/min. In both equations, age, race and sex are included -variables all associated with muscle mass, the main source of creatinine (25) . The inaccuracy in determinations of GFR suggests that other variables may partially determine creatinine variations, independently of GFR (2) . In the present work we demonstrate that in CKD stage 2, CKD-EPI was the best equation to adjust to a real GFR as assessed by 99m Tc-DTPA, being also superior to cystatin C-based equations. Our findings .000
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Bold: Significant correlations with Tc-DTPA scintigraphy, with the CKD-EPI equation at that stage the one with a significance trend, but below that of the Cockcroft-Gault formula (Tab. V). This may be because in our work the CKD stage 1 population was younger and had a lower BMI (Tab. I), and because of the design of the equation itself, as CKD-EPI could underestimate the GFR, as suggested by Stevens (26) . In addition, this could explain why in the control group Walser-estimated creatinine clearance was the best method to calculate renal function when compared with the scintigraphy, as all of the equations are designed to measure GFR in CKD subjects, independently of the GFR. This may also explain why NKDEP warns that due to the lack of precision and the bias of the methods that measure serum creatinine, these inaccuracies exert a great impact on the estimated GFR as creatinine levels approach <1 mg/dL. Therefore, GFR is overestimated, and CKD cases underdiagnosed. In this setting, the NKDEP recommendation suggests that for an estimated GFR >60 ml/min, the result should be reported as ">60 ml/min" and not by the exact number obtained with the equation (http:// agree with those reported by Stevens et al, who recently compared CKD-EPI with MDRD-4 in subjects with GFR >60 ml/min (26) . They observed that the trend to overestimate GFR decreased from 11.9 ml/min with MDRD-4 to 4.2 ml/ Tc-DTPA scintigraphy, in agreement with the results of the study by Stevens et al (26) . Moreover, Stevens et al propose CKD-EPI as the equation to be employed in all CKD stages, based on both global and stratified analyses, as our results also show. At these stages, NKDEP states that due to higher serum creatinine levels, the inaccuracy and bias of the method are less important, and as a result, the estimated GFR is much more precise. To our knowledge, this is the first prospective study that assesses cystatin C and some cystatin C-based equations in comparison with 99m Tc-DTPA scintigraphy. From 1985, cystatin C has been proposed as a promising endogenous marker of GFR. The use of cystatin C may be capable of identifying the declining rate of renal function at initial stages of CKD with GFR >60 ml/min, also known as preclinical kidney disease, as some publications have shown abnormally high cystatin C levels (≥1.0 mg/L) (27) . In this setting, some cross-sectional studies have shown that cystatin C presents a higher sensitivity than creatinine to detect mild kidney disease (28) . Cystatin C concentration has been reported to increase when GFR ranges between 70 and 90 ml/min -in the so-called creatinine-blind range zone. In our study, this statement was partially confirmed: group 1: cystatin C, 0.824 ± 0.249 mg/L (95% CI, 0.724-0.925); group 2: cystatin C, 0.935 ± 0.320 mg/L (95% CI, 0.846-1.024) (Tab. I). However, the phenomenon that occurs with creatinine is repeated with cystatin C: bare cystatin C levels, without an appropriate equation, lack the required sensitivity to detect false-negative cases, considerably increasing the failure to identify real cases of CKD, particularly at the initial stages (20, 21, 29) . While some authors have reported significant differences employing cystatin C-based equations com-JN ( 0000; : 00 ) 000-000 00 EPHROL pared with creatinine ones to determine the correct GFR in CKD, others have found no differences (20, 21, 29) . Finally, some equations have recently been developed in which both creatinine and cystatin C have been used simultaneously, but the results are scant and contradictory (30) (31) (32) (33) (34) , which is why we have not included them in our work. Eriksen et al remark, in agreement with our results, that cystatin C equations were not superior to those based on creatinine to estimate GFR in 1,621 normal subjects, using iohexol clearance as reference (35) . In that study, 24-hour creatinine clearance was not determined, which showed better results in our control population (Tab. V). To give more credit to this classical method of renal function, we employed the Walser equation to certify that the urine collection was correct. It is noteworthy that the K/DOQI guidelines suggest that the equations should be applied to assess GFR in CKD, and not in the general population (1). Eriksen et al report that the best creatinine-based correlations were obtained with MDRD-4 (ρ=0.56, 95% CI, 0.52-060) and CKD-EPI (ρ=0.55, 95% CI, 0.52-0.59), while the Grubb, Hoek and Larsson equations were the best cystatin C-based equations (35) .
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Although cystatin C appears to present a higher sensitivity than creatinine to detect early decreases in GFR in CKD, more studies are needed for a correct interpretation of these increases, and better equations with more practical applications and more adequate for the different stages of CKD, particularly at stages 1 and 2. The same situation occurred with creatinine itself, with which new and more accurate equations are still being developed. Although new data suggest that cystatin C could be considered a more precise marker of GFR in subjects with mild reductions of GFR when compared with creatinine (36), these studies are not only scarce, but also contradictory with small numbers of patients included (3, 9, 21, 37) . Why is it important to focus on a correct GFR estimation at these early stages of CKD? It is important due to the large number of false-negative CKD cases that are apparently being reported using creatinine-based equations, particularly with the Cockcroft-Gault and MDRD-4 equations (5, 36) . Moreover, this is the end of the spectrum of CKD with the greatest potential degree of recovery or preservation of renal function. In the present work, cystatin C-derived equations were not superior to creatinine-based ones. Among creatinine equations, only Cockcroft-Gault for stage 1 and CKD-EPI for stage 2 had significant correlations with 99m Tc-DTPA (Tab. V). In the global analysis (Tab. III) and from stage 3 downwards (Tab. V), the Hoek equation was the one to show the best correlation and precision with respect to 99m TC-DTPA and to the CKD-EPI equation (Fig. 3) .
Cystatin C determination is more expensive, and without any evidence of significant advantages compared with creatinine, it is logical that its use in clinical practice is limited. The role of cystatin C in nephrology and as a useful tool to measure GFR in CKD has not yet been established, and more clinical research is needed. Some studies have demonstrated that cystatin C appears to better identify CKD patients with a higher risk of cardiovascular complications at GFR <60 ml/min when estimated by the CKD-EPI equation (38) . Moreover, it has recently been published that in the Asian population, an elevated serum cystatin level could also be considered as an independent predictor of cardiovascular events in subjects with normal renal function, as has been demonstrated for age and hypertension (39) . In renal studies based on creatinine determinations, it is a critical point for drawing valid conclusions that there be a uniform calibration and a homogeneous technical assay of the creatinine method (40, 41) . Our study was performed at a single center, employing a better method for creatinine measurement than the Jaffé method (40) with the same protocol for scintigraphy, resulting in a more homogenous output. Finally, on clinical grounds, we have employed equations that have been extrapolated from previous works, as is the case of CKD-EPI, that have validated this promising equation as well as the rest of them. With regard to the limitations of the present study, the cohorts were not matched according to sex or age, and BMI varied significantly among the stages (Tab. I), which could certainly have influenced on the results. Moreover, 99m Tc-DTPA scintigraphy was used as the gold standard for GFR measurement, but it is not used routinely due to its cost, and the fact that it is time-consuming and laborious (22) . If another method had been employed as the gold standard (i.e., inulin clearance, iohexol, 51 Cr-EDTA or [ 125 I]-iothalamate), the results could possibly have been different. Finally, the small number of patients included and their ethnic characteristics must be taken into account when conclusions or extrapolations are to be made. In conclusion, we recommend that for the general population without risk factors for CKD, 24-hour creatinine clearance adjusted for age, sex and weight and evaluated by Walser formula should be employed to assess GFR. Both creatinineand cystatin C-based equations have not yet been validated for the general population. For CKD patients with GFR >60 ml/min, NKDEP recommendations must not be forgotten. However, among creatinine-based equations, the CKD-EPI equation appears to be more accurate for estimating GFR at these early stages, but probably fewer patients would have CKD when compared with those found by the MDRD-4 or Cockcroft-Gault equations (26, 42) . The role that cystatin C-based equations should play in this group with GFR >60 ml/ min is still under intense development. With respect to CKD patients with GFR <60 ml/min, creatinine-and cystatin Cbased equations appear to be adequate to measure GFR. Among those based on cystatin C, the Hoek formula presents the best correlation and degree of agreement with the CKD-EPI equation (Tab. IV; Fig. 3 ). The potential biological and theoretical advantages that cystatin C presents when compared with creatinine should be shown in mathematical equations to better estimate GFR. New cystatin C-based equations must be developed and validated for each CKD stage, standardizing the assays and reducing its cost. The resolution of these important issues, as has been occurring with creatinine, will demand time.
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